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M olly  M il le r
Com e and  See
i.  A w a k e n i n g
I suppose it  all s ta r ted  w i th  leeches.  It m ay  have  
s ta r ted  before then ,  bu t  if it did, I c e r t a in ly  d o n ’t 
r e m e m b e r  it. I e x p e c t  t h a t  as a baby I had  looked at 
t h e  usual t h i n g s — t h e  d a n c i n g  shapes  of t h e  h ic k o ry  
b ranches  t h a t  rocked  in m y  w indow s,  t h e  s ta rk  colors 
of ca r ro t s  and  peas, t h e  s c u t t l in g  of a bug  over a 
s tone  on our  lawn in M inneapol is ,  w h e r e  I sat 
p lopped  and  sta ring.  I m ay  have  even  ea t e n  a few 
bugs  in m y  t ime,  as babies will  do, bu t  it  w a s n ’t unt i l  
late  in m y  th i rd  yea r  th a t  I sudden ly  o p e n e d  m y  eyes 
to t h e  w or ld  w i th  a jol t  and  s ta r ted  to see t h i n g s — to 
rea l ly see t h i n g s — n o t  jus t  w i t h  t h e  sort  of passive but  
to le rab ly  app rec ia t ive  eye  of t h e  self -absorbed,  but  
w i th  t h e  passion of an ar t i s t  or  a sc ient is t .
I do n o t  m e an  to say t h a t  I was an ar t i s t  or  a 
sc ientis t .  M y d raw in g s  from th a t  t im e  sugges t  no  
such th ing ,  n o r  do m y  e x p e r i m e n t s  w i th  our  tw o  
Siamese cats, w h o m  I wou ld  im pr ison  in m y  do ll ’s 
f rocks  and  t h e n  fol low a round  t h e  house,  e x c i ted ly  
obse rv ing  th e i r  behav ior  as t h e y  t r i ed  to s tag g e r  free 
of th e  h ideous  f lounces.  No, I c a n n o t  claim any 
p recoc iousness  in t h e  ar ts  or  sciences.  It was simply 
th a t  as I nea re d  age  four, m y  eyes seem to have 
a w a k e n e d  from a p le asan t  s lumber.  And w h a t  first 
d r e w  t h e m — w h a t  f irs t g rabbed  th e m  and he ld  t h e m  
still in t h e  g r ip  of a b rea th less  b eau ty— w e r e  those  
leeches.
A leech  is t ru ly  a vision of loveliness.  Dur ing  th e
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su m m e rs  o f  m y  c h ild h o o d , m y  m o th e r  to o k  m y  tw o  
b ro th e rs  and  m e, a lo n g  w i t h  asso rted  a u n ts  and  
u n c le s  and  cous ins , up to  th e  is la n d  th a t  m y  g ra n d ­
p a re n ts  o w n e d  o n  W h i t e t a i l  L a ke  in  n o r th e r n  M in ­
neso ta . O n days w h e n  th e  sun sho n e  and  th e  w a te r  
w a rm e d  up  past f re e z in g ,  I to d d le d  b a ck  and  fo r th  
th ro u g h  th e  s h a llo w s  th a t  l in e d  th e  is la n d ’s shores, 
p a r t in g  th e  s m o o th  g re e n  reeds  th a t  d a n g le d  o v e r  m y  
head  l ik e  an in v e r te d  c u r ta in  f a l l in g  f ro m  th e  f lo o r  o f 
th e  la k e  u p w a rd s  to  th e  sky . I p e e re d  in to  th e  w a te r ,  
w a tc h in g  fo r  n e rvo u s , g a s p in g  m in n o w s ; fo r  th e  
c ra w f is h ,  w i t h  t h e i r  c la w s  l ik e  t in y  la w n  c l ip p e rs  and  
th e i r  s ca llo p e d  ta ils ; fo r  th e  fro g s  and  ta d p o le s  w i t h  
t h e i r  b a llo o n e d  eyes; fo r  th e  s tr ip e d  p e rc h  a lw a ys  
w i t h  th e  s tu p id  e x p re s s io n s  o n  t h e i r  faces; and  fo r  
th e  m a g n if ic e n t  leeches .
I re m e m b e r  a ll th o se  c re a tu re s  fo n d ly ,  b u t I 
re m e m b e r  th e  le e ch e s  as o n e  re m e m b e rs  o n e ’s f i r s t  
lo v e — th e  t h r i l l ,  th e  in te n s ity ,  th e  s teady , ra p tu ro u s  
gazes. C o lo re d  a w a rm , c h o c o la te  b ro w n  s p o tte d  w i t h  
b la c k , th e y  oo ze d  across th e  sandy  la k e  b o tto m  l ik e  
d a rk  le o p a rd s . W h e n  s ta r t le d  by  a p u f f  o f  sand o r  th e  
s w ip e  o f  s c o o p in g  f in g e rs , th e y  to o k  o f f  th ro u g h  th e  
w a te r  a t a dead w r ig g le ,  t h e i r  s u p p le  bod ies  
s tre tc h e d  t h in  and  r ip p l in g  s m o o th ly  as a r ib b o n  o f f  a 
g i r l ’s h a t c a u g h t b y  th e  w in d .  W ’h e n  c u p p e d  in  m y  
h a n d , th e  le e ch e s  tra n s fo rm e d  th e m s e lv e s  in to  fa t te d  
b lobs, c re a m y  w i t h  s lim e  and  s o ft as b u t te r  to  th e  
to u c h . I c a u g h t th e m  and  c a r r ie d  th e m  a ro u n d  w i t h  
m e.
W h i le  1 sco u te d  th e  sh a llo w s , m y  m o th e r  and  h e r  
s is te rs  la y  s tre tc h e d  o u t on  th e  d o c k , re a d in g  books  
and  s u n n in g  th e m s e lv e s , ro u s in g  fro m  t h e i r  in d i ­
v id u a l re v e r ie s  e v e ry  n o w  and  th e n  to  d iscuss th e  
p i t fa l ls  o f  m a r r ie d  l i f e  o r  to  e x c h a n g e  a b i t  o f  goss ip . 
C ra d l in g  a le e ch , I w o u ld  sneak o v e r  to  w h e re  th e y  
lay , s lip  u n d e r  th e  d o c k , and  c u r l a p lu m p  a rm  up 
o v e r  th e  d o c k ’s e dge  to  p la ce  th e  s l im y  p r iz e  on  o n e
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o r  th e  o th e r  o f  t h e i r  b e ll ie s  o r  th ig h s .  I f  i t  h a p p e n e d  
to  be o n e  o f  m y  a u n ts , th e  a f f l ic te d  in v a r ia b ly  
sc re a m e d  a n d  f la i le d  h e r  lim b s , th e n  t h r e w  d a rk  
g la n c e s  a t m y  m o th e r  w h o  p re te n d e d  to  be a b so rb e d  
in  h e r  re a d in g . I f  i t  w e re  m y  m o th e r ,  she d id n ' t  s k ip  
a bea t. She t i l t e d  h e r  b o o k  fo rw a rd ,  s lid  h e r  gaze  
d o w n  th e  le n g th  o f  h e r  b o d y  u n t i l  i t  s to p p e d  a t th e  
le e ch , a n d  th e n  f l ic k e d  th e  c re a tu re  a w a y  w i t h o u t  so 
m u c h  as a h o w - d o - y o u - d o .  T h a t w as th e  s o r t o f 
w o m a n  she was.
A f te r  th e  le e ch e s , th in g s  seem ed to  e x p lo d e  
o u tw a rd s . O r p e rh a p s  th e y  im p lo d e d — i t ’s h a rd  to  say 
w h ic h  i t  w as. I b egan  to  see; I b e g a n  to  n o t ic e  
th in g s ;  I b egan  to  p a y  a t te n t io n .  I saw  p a t te rn s — th e  
ra is e d  v e in s  in  a lea f, a n im a l shapes in  c lo u d s , th e  
d e lic a te  im p r in t  o f  m ic e  fe e t  in  s n o w  l ik e  n e c k la c e s  
s lu n g  o v e r  w h i t e  w in t e r  m e a d o w s , th e  p a le  m osa ics  
o n  th e  s k in  o f  th e  c h a m e le o n  I k e p t  in  a g lass b o x  o n  
m y  w in d o w s i l l .  M y  eyes w e re  te le sco p e s ; I had  b io n ic  
v is io n .  I saw  s m o k y  b la c k  tre e s  l in in g  th e  to p s  o f 
h i l ls ,  sp read  l ik e  S p a n ish  fans  a n d  b u r n in g  in to  th e  
e d g e  o f  sky . I saw  f ie r y  p r a ir ie  grasses to s s in g  t h e i r  
tasse led  heads in  th e  b r ig h t  sun, a n d  th e  b lo o d - re d  
b e r r ie s  o f  th e  sum ac t h ic k  as c lu s te rs  o f  bees c l in g in g  
to  th e  ta n g le d  b ra n ch e s . M y  l im p id  gaze  c o u ld  c ry s ­
ta l l iz e  th e  w o r ld .  R id in g  m y  p o n y  th r o u g h  th e  
w o o d s , I la y  b a ck  w i t h  m y  h e a d  p i l lo w e d  o n  h is  f u r r y  
ru m p  to  g a p e  a t th e  tre e s  b o b b in g , th e  b ra n c h e s  
sp la ye d  and  s w e rv in g  l ik e  b la c k  te n ta c le s  a g a in s t a 
b lu e  sea o f  sky .
A n d  th e n , s o m e w h e re  a lo n g  th e  w a y , a ll th a t  
c h a n g e d .
2. S t r u c t u r e  a n d  F u n c t io n
I w as a sh y  c h i ld ;  I d id n ' t  ta lk  m u c h . I w a tc h e d . 
W h e n  I im a g in e  m y s e lf  n o w  b a ck  in  m y  c h i ld ’s body , 
I p ic tu r e  a sm a ll c re a tu re  w i t h  eyes l ik e  saucers, l ik e
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m oons, e a s ily  s ta r t le d  and  e a s ily  ra p t.
N o w , a t t h i r t y ,  I am  a g a in  o f te n  s ta r t le d  b y  w h a t  
I see: s n o w  th a w in g  o n  th e  s p r in g  h i l ls ,  th e  w h i te  
b re a s t fe a th e rs  o f  th e  w o o d p e c k e r  h a m m e r in g  o n  th e  
p e a r tre e , th e  p a le  b lu e  p e ta ls  o f  th e  c ro c u s  th a t  
a p p e a r o n e  d a y  a t th e  fo o t  o f  th e  p o rc h . W h a t  is th is  
v is io n , th a t  ro u se d  m e  to  th e  g lo r ie s  o f  le e ch e s  and  
rouses m e  s til l?  W h a t  a re  th e se  eyes? L u m p s  o f  
s tra n g e  m a tte r ,  lo d g e d  in  m y  s k u ll,  o d d ly  shaped, 
s tra n g e ly  p a tte rn e d . H o w  do th e y  w o rk ?  H o w  d id  
th e y  happen?
T h e re  a re  th re e  basic k in d s  o f  eye  k n o w n  to  e x is t  
in  th e  w o r ld — p in h o le  eyes, c o m p o u n d  eyes, and  le n s  
eyes. P in h o le  eyes a re  th e  s o r t  fa v o re d  b y  m o llu s k s —  
a g ro u p  o f  som e 100,000 m a r in e  spec ies  in c lu d in g  
sna ils , o ys te rs , o c to p i,  squ id , a n d  th e  c h a m b e re d  
n a u t ilu s ,  a s tra n g e , s q u id - l ik e  c re a tu re  th a t  liv e s  
w i t h in  a fa t, c o ile d  and  s t r ip e d  s h e ll.  In  th e  p in h o le  
eyes o f  th e  n a u t ilu s ,  l i g h t  e n te rs  th e  e y e b a ll th ro u g h  
a sm a ll h o le  in  th e  f r o n t  o f  th e  eye , as th o u g h  th e  
e y e b a ll w e re  a p in g - p o n g  b a ll th a t  had  been  p r ic k e d  
w i t h  th e  p o in t  o f  a p e n c il.  T h e  l ig h t  tra v e ls  th ro u g h  
th e  in t e r io r  o f  th e  eye  d i r e c t ly  to  th e  b a ck  w h e re  i t  
h i ts  re c e p to rs  w h ic h  send m essages to  th e  n a u t i lu s ’ 
b ra in . Lo, th e  n a u t i lu s  sees— s o rt o f. I t ’s a n ic e , 
s im p le  eye , b u t th e  w e a re r  re c e iv e s  o n ly  a n a r r o w  
s h a ft o f  l i g h t  th ro u g h  th e  h o le , and  th e  la c k  o f  a le n s  
s e v e re ly  l im i t s  th e  c la r i t y  o f  v is io n .  T o  th e  n a u t ilu s ,  
th e  w o r ld  is l i k e ly  to  be a m u rk y ,  b lu r r y  p la ce .
C o m p o u n d  eyes a re  th e  s o r t m o s t bugs h a v e —  
l i t e r a l ly  eyes o n  s ta lks , o r  c lu s te rs  o f  s ta lks , l ik e  
b u n c h e s  o f te le sco p e s  p o k in g  up  f ro m  th e  m o u n d  o f  
th e  b u g ’s e y e b a ll la u n c h in g  pad and  s c a n n in g  th e  
w o r ld  fo r  v is u a l in fo rm a t io n .  T h e  eye  o n  th e  e n d  o f 
each  s ta lk  p ro v id e s  th e  b u g  w i t h  an im a g e ; th e  
c o m m o n  h o u s e fly , fo r  e x a m p le , re c e iv e s  h u n d re d s  o f 
im a g e s  a t o n ce . S c ie n t is ts  d is a g re e  w h e th e r  th e se  
im a g e s  a re  p e rc e iv e d  s e p a ra te ly , a v ie w  s im ila r  to
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w a t c h i n g  several  h u n d r e d  te levis ion sets, each  tu r n e d  
to a s l igh t ly  d i f fe ren t  channe l ,  or w h e t h e r  t h e  i m ­
ages a re  i n t e g r a t e d  in to  a s ingle  loom ing  and  bulbous 
p ic tu re .  E i the r  way, t h e  co m p o u n d  eye  is g r e a t  for 
d e t e c t i n g  m o t io n  bu t  leaves a lot to be des ired  as far 
as id e n t i fy in g  w h a t  y o u ’re  look ing  at. To he lp  c o m ­
pensate ,  a t iny  lens in each  stalk inc reases  resolu t ion.  
Resolu t ion  is t h e  ab i l i ty  of t h e  eye  to p ro d u ce  a clear  
p ic tu r e  by sep a ra t in g  and  d e f in in g  ob jec ts  in its 
visual field. The  lens also w o rk s  to con t ro l  t h e  dif­
f rac t ion  of l igh t  t h r o u g h  t h e  o p e n i n g  of t h e  eye.  
Diffract ion is t h e  ab i l i ty  of l igh t  to bend  a round  
corners .
Despite  th e se  advances,  t h e  co m p o u n d  eye  falls 
far sho r t  in t e rm s  of reso lu t ion  w h e n  c o m p ared  to 
t h e  h u m a n  eye.  Basically, i t ’s too small to do t h e  
w ork .  A n o th e r  p r ice  of such m i n u t e  appara tus  is paid 
in t h e  l im i ted  scope of t h e  color  sp e c t ru m  th a t  th e  
bug  is able  to perce ive .  In o rd e r  to m a x im i z e  th e i r  
pe r fo rm ance ,  h o n e y b e e s  ig n o re  red.
Lens eyes  such as ours have  th e i r  o w n  s truc tu ra l  
and  func t iona l  l imita t ions.  L ight  e n t e r s  t h e  lens eye 
t h r o u g h  a com para t ive ly  la rge r  o p e n i n g  in t h e  e y e ­
ball: t h e  pupil ,  f rom t h e  Latin pupilla, m e a n i n g  “l i t t le  
doll ,” for t h e  t iny  re f lec t ion  of ourselves w e  see w h e n  
w e  look in to  a n o t h e r ’s eyes. The  p r e t t y  iris w e  lavish 
so m u c h  a t t e n t i o n  on is ac tual ly  a g roup  of t iny  
muscles  t h a t  e x p a n d  and  c o n t ra c t  to a l te r  t h e  size of 
t h e  pupil  and  con t ro l  t h e  a m o u n t  of l igh t  t h a t  e n t e r s  
t h e  eye.  U nder  t h e  iris, a ru b b e ry  lens fits n e a t ly  l ike 
a m onoc le .  T he  lens ac tual ly  ch a n g e s  shape  to c o m ­
p e n s a te  for d if f rac t ion and  to focus on objects  seen  at 
d i f fe ren t  distances.  It f la t tens  to focus on d is tan t  
objects ,  t h i c k e n s  to focus on n e a r  ones.
Overall ,  th i s  is t h e  most  e f f ic ien t  visual system of 
t h e  th ree ,  best  at c o n t ro l l i n g  di f frac t ion  and  c r e a t i n g  
good reso lu t ion ,  but  a lens eye  is deve lo p m en ta l ly  
and  physical ly  expens ive :  it t akes  a lot of muscles,
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nerves ,  and  bra in  space to opera te .  Yet, w i t h  all tha t ,  
w e  see on ly  t h i r t y  p e r c e n t  of t h e  r a n g e  of l ig h t  t h a t  
com es  f rom t h e  sun; t h e  o t h e r  s ev en ty  p e r c e n t — 
in f ra red  and  a bi t of u l t r av io le t— is invisible to us. It 
was  also p re su m ab ly  inv is ib le to t h e  sheep  w h o s e  eye  
I carved  up in m y  s e v e n t h - g r a d e  sc ience  class.
T ha t  poor  old s h e e p ’s eye  was  l ike  a gob of g reasy  
ch ee se  s i t t i n g  on m y  desk.  W h e n  w e  cu t  t h e  eye  
op en  t h e  lens pop p ed  ou t  l ike  a p r i z e — a lum p of 
h a rd  ru b b e r  t h e  ro u n d n es s  of a quar te r ,  t h e  th i c k n e s s  
of a f inger ,  and  t h e  color  of dull am ber .  “H ow  can  a 
sheep  see t h r o u g h  th is  th in g ? ” I w a n t e d  to know ,  to 
w h i c h  m y  sc ience  t e a c h e r  rep l i ed  t h a t  t h e  lens  on ly  
becom es  th a t  w a y  af te r  dea th .  He said t h e  w ords  
“af te r  d e a t h ” t h e  w a y  o n e  w ou ld  say “a f te r  l u n c h ” or 
“af te r  a r t  class.” I t h i n k  “o p a q u e ” was  t h e  w o rd  h e  
used to descr ibe  t h e  a f t e r - d e a t h  lens of a sheep.  I 
f igu red  opaque  m e a n t  yel low, and  I he ld  t h a t  lens  up 
to m y  o w n  eye  and  t r i ed  to look t h r o u g h  it. But all I 
saw was t h e  g r a in y  ye l low  of a dead  s h e e p ’s eye.
I set  d o w n  t h e  r u b b e r y  lum p n e x t  to t h e  n o w  
s p l i t - o p e n  ball of c h ee se  and,  a f te r  fas t idious ly w i p ­
in g  m y  fingers ,  to u c h e d  m y  o w n  eye.  I w o n ’t go so 
far as to say t h a t  I t h o u g h t  abou t  m y  o w n  death ,  
because  I d i d n ’t. I was  on ly  twelve ,  and  as I’ve  said, I 
was  n o t  a p recoc ious  child.  But as I looked  d o w n  
upon  th a t  s h e e p ’s m a n g le d  eyeball ,  I dec ided  th a t  t h e  
only  w ay  I could sensibly  deal  w i th  t h e  h o r r o r  t h a t  
lay before  m e  on t h e  desk  was  to be c o m e  a doctor .
If I w e r e  a doctor ,  I t h o u g h t  to mysel f  back  the n ,
I w ou ld  u n d e r s t a n d  e v e r y t h i n g  abou t  t h a t  s h e e p ’s 
e y e — I w ou ld  k n o w  th a t  s h e e p ’s eye  ins ide  and  out .  
T he  ac t  of s l ic ing  it  up w ou ld  have  no  p o w e r  to 
t ro u b le  me.  I w ou ld  survey  it as cool ly and  l igh t ly  as 
o ne  m i g h t  survey  a t r i c k y  p iece  of m a c h in e ry .  I 
wou ld  po k e  m y  scalpel in to  i t  and  r e spond  n o t  w i t h  a 
horr if ied ,  “W h a t  have  I done!” bu t  in s tead  w i t h  an 
i n t e r e s t e d  and  l i l t ing,  “Aha.” This, at  t h e  t ime,
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seem ed  like  a c o m fo r t in g  th o u g h t .
3. F ea tu re  D etec to rs
S igh t f irs t developed  in  a n c ie n t  seas. At some 
p o in t  in  th e i r  evo lu tion , ea r ly  c re a tu re s  g re w  p a tch es  
of sk in  th a t  w e re  sens itive  to  ligh t,  a l lo w in g  th e m  to 
te ll th e  d if fe ren ce  b e tw e e n  l ig h t  and  d a rk  and  also to 
d iscern  th e  d ire c t io n  of th e  sun. W h a t  began  as a 
s im ple  skill used to find  sources of en e rg y ,  food, and  
ev en tu a lly  m a tes  has s ince  evolved in to  a tool used in 
th e  c re a t io n  and e x p e r ie n c e  of art, an ap p re c ia t io n  of 
n a tu re ,  th e  a c c o m p lish m e n t  of w o rk  tasks, and  th e  
evo lu tion  of w id e - r a n g in g  n o t io n s  of beau ty  and  
goodness. T hese  are  s o m ew h a t  m o re  so p h is t ica ted  
skills used to  find  sources of en e rg y ,  food, and  m ates.
Of course, n o t  all an im als  use v ision to  loca te  
th em se lv es  and  o th e rs  in th e  w orld . Dogs, for in ­
stance, re ly  m o re  on smell th a n  on s igh t. A professor 
o nce  to ld  m e  th a t  if th e  nasal m e m b ra n e  w e re  r e ­
m oved from  a d o g ’s nose  and  f la t te n e d  like  a sheet,  it 
w ould  be ro u g h ly  as b ig  as a football field. If th e  
sam e w e re  rem oved  from  a h u m a n  being , it  w ou ld  be 
th e  size of a p os tage  stam p.
T h e re  is a b iz a rre  fish of th e  g en u s  Eigenmannia 
th a t  lives in  th e  m u rk y  w a te rs  of th e  A m azon and its 
in lets . Eigenmannia has alm ost no  sight, a sense  w h ic h  
w ould  be n ea r ly  useless in its tu rb id  hom e. Instead, 
th e  fish p roduces  a w eak ly  e le c tr ic  field  from  an 
o rgan  in its  snou t and  “sees” u s ing  e le c t ro re c e p to rs  
loca ted  in  th e  pores  of its skin  th ro u g h o u t  its body, a 
s i tua tion  ak in  to ou r bodies b e in g  s tudded  w i th  fairly  
m yopic  eyes from  h ead  to toe. O bjects  th a t  com e in to  
Eigenmannia's e lec tr ica l  field d is to r t  th e  f ish ’s “v ie w ,” 
e i th e r  by c o n c e n t r a t in g  th e  e lec tr ica l  flow  (if th e  
o b jec t is a b e t te r  c o n d u c to r  of e le c t r ic i ty  th a n  w a te r)
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or by d i spe rs ing  i t  (if t h e  ob jec t  is a p o o re r  c o n d u c ­
tor).  Thus  t h e  fish pe rce ives  o n e  or  a n o t h e r  k in d  of 
e lec t r i c  " s h a d o w ” to loca te  ob jec ts  in its s u r ro u n d in g s  
and  to sense t h e  edges  of its su r round ings .
Eigenmannia's system of p e r c e p t io n  seems pecu l ia r  
and  far r em o v e d  f rom our  ow n .  Our  o w n  vis ion seems 
so na tu ra l  to us t h a t  w e  o f ten  assume it  is s imply  t h e  
m i r r o r  im a g e  of w h a t ’s ou t  th e re .  But t h e  eye  is no  
b lank  slate. Our  vision is a s t r a t e g y  for  su rv iv ing  in 
t h e  wor ld ,  and  l ike  all s tra teg ies ,  it  is n o t  infal l ible.  
S t ru c tu re s  and  fu nc t ions  have  th e i r  l im ita t ions .  Like 
Eigenmannia, w e  use w h a t  w e ’ve g o t— our  eyes  and  
bra ins— to co l lec t  in fo rm a t io n  c o m i n g  at  us in t h e  
form of l ight ,  t h e n  se lec t ive ly  s c reen  and  process  it, 
i g n o re  some types  of in fo rm a t io n  and  e x a g g e r a t e  
o thers ,  all in a massive ef fort  to i n t e r p r e t  ou r  e n v i ­
r o n m e n t  and  m a k e  dec is ions  t h a t  wil l  e n s u re  su r ­
vival.
Take  toads.  T h e i r  visual n e t w o r k  is s imi la r  to our  
own, on ly  s impler .  Light  f rom t h e  sun trave ls  to 
e a r th  at  186,000 mi les  p e r  second  and  e n t e r s  a t o a d ’s 
eye  r e p l e t e  w i t h  in fo rm a t io n  abou t  t h e  to a d ’s su r ­
round ings .  T he  in fo rm a t io n  is t h e n  sent ,  at  a c o m ­
para t ive ly  s lugg ish s ix ty  mi les  p e r  hour ,  t h r o u g h  t h e  
op ti c  n e r v e — m o r e  prec isely ,  a bu n d le  of n e rv e s — to 
tw o  sepa ra te  places  in t h e  t o a d ’s brain: t h e  op ti c  
t e c tu m  and  t h e  tha lamus .  In each  of t h e se  d e s t i n a ­
t ions,  visual in fo rm a t io n  is s c re e n e d  and  processed  to 
p rov ide  t h e  basis for dec is ions  t h a t  t h e  toad m a k e s  in 
r e s p o n d in g  to its e n v i ro n m e n t .
H e r e ’s w h e r e  t h in g s  g e t  s impler:  if a toad is n o t  
moving ,  and  t h e r e  is n o t h i n g  m o v i n g  in t h e  t o a d ’s 
scope of vision,  t h e  toad sees n o th i n g .  T h e  n e u r o n s  in 
t h e  t o a d ’s eyes d o n ’t f i re  and  t h e  toad is u t t e r ly  
blind.  For m o v in g  objects ,  t h e  toad d e t e c t s  and  
analyzes  t h e m  in ro u g h ly  o n e  of tw o  ways: is t h e  
m o v in g  ob jec t  a h o r i z o n ta l  t h i n g  or  a ver t i ca l  th ing?  
F ea tu re  d e t e c to r s  in t h e  bra in  he lp  t h e  toad  to ac -
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com pl ish  this.  Fea tu re  d e t e c to r s  w o rk  l ike keys 
f i t t in g  in to  keyholes:  w h e n  an im age  pass ing over  
t h e  t o a d ’s eye  fits on to  a c o r r e s p o n d in g  im p r in t  in 
t h e  brain,  a bell r ings  and  t h e  toad reacts .  T he  th a la ­
m us  of t h e  t o a d ’s b ra in  has a fea tu re  d e t e c to r  th a t  
d e t e c t s  ver t i ca l  ob jec ts— like  t o a d m o n g e r i n g  s to rks— 
w h i le  t h e  op ti c  t e c tu m  has a fea tu re  d e t e c to r  th a t  
d e t e c t s  h o r izo n ta l  ob jec ts— like tasty  worms.  If t h e  
s t o r k - d e t e c t i n g  tha lam us  r ings,  t h e  toad h u n k e r s  
d o w n  in to  a crouch ;  if t h e  w o r m - d e t e c t i n g  opti c  
t e c tu m  rings,  t h e  toad goes  on t h e  h u n t .
Like a t o a d ’s, our  eyes and  brains  have  special  
f ea tu re  de t e c to r s  t h a t  “enco u ra g e"  us to r e c o g n iz e  
and  r eac t  to specific s t imuli .  C om pared  to toads, th e  
f ea tu re  de t e c to r s  in ou r  bra ins  a re  in f in i te ly  m o re  
c o m p le x — t h e  re su l t  of our  com para t ive ly  h u lk i n g  
bra ins— and la rge ly  myste r ious .  I have  read  of b ra in -  
in ju red  peop le  who ,  as a resu lt  of dam age  d o n e  to a 
p a r t i cu la r  p a r t  of th e i r  te m p o ra l  lobe, c a n n o t  r e c o g ­
n iz e  faces. T hey  can see pe r fec t ly  well ,  t h e y  can 
r e c o g n iz e  objects,  t h e y  can iden t i fy  peop le  by fami l ­
iar c lo th ing ,  but  w h e n  s how n  a facial p o r t r a i t  of 
t h e i r  fr iends,  t h e i r  spouses, even  themselves ,  t h e y  are  
at  a c o m p le te  loss.
Once,  e leven  years  ago, I, too, found myself  at a 
c o m p le te  loss.
It h a p p e n e d  soon af te r  t h e  ho rse  I was  r id in g  
in a d v e r te n t ly  f lung  h im se l f  on to  t h e  top  of a t h r e e -  
a n d - a - h a l f - f o o t  bund le  of logs. The  logs had  been  
lashed t o g e t h e r  to m a k e  a hogsback  jump,  t h e  second 
of f i f teen  obstacles  d o t t ed  t h r o u g h o u t  a t h r e e - m i l e  
c ro s s - c o u n t ry  course  over w h ic h  I was  r id in g  in 
c om p e t i t io n .  The  ju m p  was  s i tua ted  at  t h e  e d g e  of a 
dark  wood.  Beyond lay a g r e e n  field f looded w i th  
sun ligh t .  Spec ta to rs  t h r o n g e d  t h e  boundar ie s  of th e  
course,  lo u n g in g  in c luste rs  on e i t h e r  side of t h e  
bund le  of logs.
M y horse  and  I w e r e  on our  w ay  to leap ou t  of
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t h a t  da rk  w ood  in to  t h e  b r ig h t  f ield w h e n  it  d a w n e d  
on m e  th a t  m y  horse  was  p ay in g  no  a t t e n t i o n  to t h e  
logs d i rec t ly  in ou r  pa th ,  bu t  in s tead  had  locked  his 
eyes upon  t h e  colorful ly  dressed  spec ta to rs  l i n in g  
both  sides. I s lowed  h im  dow n,  a t t e m p t e d  to d i r ec t  
his  eyes t o w a rd  t h e  fence  by p u s h in g  his  head  a round  
w i t h  on e  hand ,  and  w h e n  f inal ly h e  c a u g h t  s igh t  of 
t h e  logs, h e  p a n ic k e d  and  leap t  w i ld ly  in to  t h e  a i r— a 
good tw o  s tr ides ea r ly— and  ins tead  of c l e a r in g  t h e  
logs w e  la nded  smack  on top  of th e m ,  s e n d in g  t h e m  
fly ing  apa r t  w h i l e  m y  ho rse  p i t c h e d  in to  a somersau l t  
and  I was  h u r l e d  h e l m e t - f i r s t  o n to  t h e  g round .
A coup le  of t h e  show  officials h e lp e d  m e  off t h e  
course  and  in to  a pa t c h  of shade,  w h e r e  I lay d o w n  
and  im m e d ia te ly  sank  in to  unconsc iousness .  W h e n  I 
awoke,  a m i d d le - a g e d  w o m a n  in a d roopy  s t r aw  h a t  
was  sea ted  bes ide me, w a t c h i n g  m e  w i t h  in te re s t .
She looked  vague ly  fami l i a r— as th o u g h  w e  had  m e t  
s o m e w h e r e  befo re  bu t  I c o u l d n ’t qu i te  p u t  m y  f in g e r  
on w h o  she was. I c o u l d n ’t have  said w h o  I was  
e i the r ,  or w h a t  I was  d o in g  ly ing  in a p a t c h  of shade  
in t h e  c o u n t ry s id e  of some u n k n o w n  landscape.  I 
could  d e t e c t  ob jec ts  all r igh t ,  bu t  I c o u l d n ’t iden t i fy  a 
th ing .  Suddenly  I was  g r ip p e d  w i t h  panic,  w h i c h  
inc luded  a fear  t h a t  those  a ro u n d  m e  m i g h t  sense m y  
to ta l  lack of cogn izance .
F e ig n in g  n oncha lance ,  I asked  t h e  w o m a n  in  t h e  
s t raw  h a t  a series of quest ions,  a le r t  for clues.  Over 
th e  n e x t  t h i r t y  minu tes ,  t h e  de tai ls  of m y  life r e ­
tu r n e d  in pieces, in fits and  starts,  and  I c a m e  to 
rea l ize— afte r  s tu d y in g  h e r  at  some l e n g t h — th a t  t h e  
w o m a n  seated  bes ide  m e  was m y  m o t h e r .  W h e n  I 
was  fully r e t u r n e d  to m y  senses,  t h e  w o m a n  in t h e  
s t raw  ha t  w h o  was  m y  m o t h e r  asked,  “Are you fee l ­
ing  b e t te r?”
“Yes.”
“Fine ,” she  said. “Le t ’s go h o m e . ”
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Visual m e m o r y  and  p e rc e p t io n  are  in e x t r i c a b ly  
l inked.  W e  use our  th in  ret inas ,  each  no b igge r  th a n  
a quar te r ,  to con t inuous ly  search  ou t  iden t i f i ab le  
ob jects  d o in g  r e c o g n izab le  th ings .  W e  locate o u r ­
selves in t h e  w or ld  m a in ly  by sight; w e  locate each  
o t h e r  and  all t h a t  su r rounds  us by s to r ing  up im ages  
in t h e  te m p o ra l  ph o to  albums of ou r  brains. Brains 
and  eyes,  s igh t  and  m em ory ,  s t r u c tu re  and  fu n c t i o n — 
each  ha lf  of a pai r  d e pends  on t h e  o the r .  To see is to 
r e m e m b e r ;  to see is to know .  M ost  of our  m e ta p h o r s  
for k n o w le d g e  revolve a round  “seeing."  T ha t  I could 
see m y  m o t h e r  and  n o t  k n o w  h e r  s tr ikes  m e  as 
u n u t t e r a b ly  s trange .
4. R eve la tions
After  a while ,  I s topped  s ee in g  t h e  w ay  I had  
w h e n  I was a child,  s cou r ing  t h e  lake bo t to m  for 
leeches.  It w a s n ’t a n y t h i n g  t rag ic  or  even  d ramatic .  I 
c a n ’t say t h a t  I was  pa r t i cu la r ly  a w a re  of it. It was 
l ike t h e  sif t ing  of d i r t  t h r o u g h  m y  fingers .  W h e n  th e  
d i r t  was  gone ,  I c lapped  m y  hands  br iskly  t o g e t h e r  
and th o u g h t ,  Ah, m u c h  b e t t e r  now! But h o w  did I 
k n o w  th a t  I w o u l d n ’t r a t h e r  be h o ld in g  a lovely 
handfu l  of d i r t  t h a n  n o t h i n g  at  all?
But I w e n t  ahead  and  g r e w  up, and  t h e r e  w e r e  
m o re  i m p o r t a n t  t h in g s  to t h i n k  abou t  t h a n  leeches,  
and  t r ee s  l ike  Spanish fans, and t h e  b lood - red  ber r ie s  
of t h e  sumac th i c k  as c luster s  of bees. T h e re  was  
co l lege  to cons ider .  T h e re  w e r e  careers .  T h e re  was  
m y  fu tu re.  T h e re  w e r e  heaps  of t h i n k i n g  to do. 
E v e ry th in g  I did took  on t h e  aspect  of in te l lec tua l  
prob ing .  W h i l e  w r i t i n g  papers  on e ru d i t e  subjects,  I 
jo t t e d  d o w n  no te s  on slips of paper:  “W h a t  does th is  
m e a n  to me? W h a t  has it  m e a n t  for  m y  life? W h y  is 
it im p o r ta n t ? ” I tu c k e d  t h e m  br isk ly away.  T he  d i r t  
sifted.
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D uring  t h a t  t ime,  I was  still to y in g  w i t h  t h e  idea  
of b e c o m in g  a doctor .  M y fa ther ,  w h o  was  h im se l f  a 
doctor ,  k e p t  his  medica l  t e x tb o o k s  in  t h e  b a s e m e n t  
of our  house.  W h e n  I was  in h i g h  school,  and  la te r  
on  b reaks  f rom col lege,  I de s cen d e d  in to  t h e  m u r k y  
g lo om  of t h e  basem en t ,  d r a g g e d  t h e  damp, h eavy  
vo lum es  ou t  f rom th e i r  boxes,  sat on  t h e  b a s e m e n t  
s tairs  and  fo rced  mysel f  to p o re  over th e m ,  in o rd e r  
to p r e p a r e  for m y  f u tu r e  in m e d ic ine .  T h e r e  w e r e  
i n n u m e r a b le  p ic tu re s  of p eop le  w i t h  a s t a g g e r i n g  
v a r ie ty  of diseases and  deformi t ies ;  t h e r e  w e r e  c lose-  
ups of abno rm a l  t issues and  f e s t e r i n g  sores, and  all 
th o se  ana tom ica l  d r a w in g s  th a t  m a k e  peo p le  look 
l ike  m ach ines .  I m a d e  mysel f  look at  all of it. I f ig ­
u red  it  w ou ld  be good for me; it  w ou ld  p r e p a r e  m e  
for real  life. Above ground ,  t h e  t r ee s  and  hil ls and  
an imals  t h a t  had  o n c e  g ra b b e d  m y  eyes  and  he ld  
t h e m  w e r e  s e e m i n g  in c re a s in g ly  dull in com par ison .
I s topped  n o t i c i n g  th ings ;  I no  lo n g e r  pa id  m u c h  
a t t e n t io n .
Our  c u l tu r e  pu ts  a h i g h  va lue  on  p rag m a t i sm .  W e  
a re  t a u g h t  as ch i ld r e n  to be ra t ional ,  to be ob ject ive ,  
to be h a r d w o r k i n g  and  ambit ious .  This  was  t h e  
d i r e c t io n  in w h i c h  I was  s teadfast ly  headed .  But h o w  
is o n e  to be ra t iona l  w i t h  a bird? To be ob jec t ive  
w i t h  a pa in t ing?  To be h a r d w o r k i n g  an d  am bi t ious  
w i t h  a f lower?
I d o n ’t m e a n  to sound m e lo d ram a t ic .  I t ' s jus t  t h a t  
w h e n  it  c a m e  to t h e  physica l  senses, I b e c a m e  s o m e ­
w h a t  co m p lace n t .  I le a rned  to e x p e c t  w h a t  I saw; I 
le a rned  to see w h a t  I e x p e c te d .  I l e a rn ed  to be smug.  
But t h e  o n e  t h i n g  abou t  t r u e  s e e in g  is t h a t  i t  swif t ly  
r em oves  all smugness .  C ons ider  t h e  s i f t ing  dir t .  
Almost  t w o - t h i r d s  of t h e  to ta l  v e g e t a t i o n  of t h e  
grass lands  upon  w h i c h  I g r e w  up is u n d e rg ro u n d .  If 
placed en d  to end,  t h e  roots  and  roo t  ha i rs  t h a t  g r o w  
b e n e a th  o n e  meas ly  square  yard  of ta l lgrass p ra i r i e  
wou ld  s t r e t c h  for t w e n t y  miles. A square  foot  of t h a t
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p ra ir ie  soil ho lds abou t half  a m ill ion  nem atodes , 
l i t t le  c ra w lin g  c rea tu res ,  w h ic h  has led eco log is ts  to 
c o n c lu d e  th a t  nem atodes ,  n o t  bison, have  p robab ly  
alw ays b een  th e  d o m in a n t  p la n t - e a te r s  of th e  p ra ir ie .
Of course, t h a t ’s n o t  m u c h  of a surprise , th e se  
days. T h e re  a r e n ’t m a n y  bison left. T h e re  isn ’t m u c h  
p ra ir ie  left, e i th e r .  P rac tica l ly  ev e ry o n e  k n o w s  tha t;  I 
w o n ’t bo re  you w i th  th e  g o ry  details . Suffice to say 
th a t  because  of th e se  facts and  o the rs ,  so m e w h e re  
a lo n g  th e  l ine  I dec id ed  n o t  to  becom e  a doctor.  It 
ju s t  w a s n ’t for me. I rea l ized  th a t  u n d e rn e a th  m y 
p ra g m a tic  com posure ,  th e  p ic tu re s  in  th o se  m ed ica l 
te x t s  w e re  m a k in g  m e  sick.
T h en  so m e w h e re  a lo n g  th e  line, I s ta r te d  to  see 
again .
It d id n ’t com e  easy; i t  took  a c o n c e r te d  effo rt on 
m y  part,  and  on th e  p a r t  of th e  th in g s  th a t  w e re  
t r y in g  to g e t  m e  to  p ry  a p a r t  m y s tu b b o rn  eyes and  
brain . I w as tw e n t y - o n e  and  v is i t in g  th e  N ational 
G allery  in London. R o u n d in g  a co rn e r ,  I cam e upon  a 
p a in t in g  by van  G o g h — a c ru d e  w o o d en  ch a ir  w i th  a 
rush  seat: an  ob jec t  a l to g e th e r  o rd inary , y e t  so e x ­
t ra o rd in a ry  th a t  th e  e x p e r i e n c e  of see in g  it  w as like  
w a lk in g  face -f i r s t  in to  a b r ick  wall. It w as as th o u g h  
van G ogh had  s tr ip p e d  aw ay  all th e  dullness, all th e  
com placency , had  shaved and  sh ivered  all of life 
d ow n  to th e  h e a t  and  l ig h t  and  m a t te r  c o n ta in e d  in a 
s ing le  t r e m b l in g  chair ,  and  th e n  had  p a in te d  it  as 
th o u g h  h is  v ery  soul d e p e n d e d  on it. P e rhaps  it  did. 
He w as a so m e w h a t  u n h in g e d  indiv idual. In A  Natural 
H istory  of the Senses, Diane A ckerm an  w r i te s  th a t  van 
G ogh m ay have  suffered from  te m p o ra l  lobe epilepsy, 
p o iso n in g  by th e  d ig ita l is  a d m in is te re d  to t r e a t  th e  
epilepsy, c e re b ra l  tum or, syphilis, m ag n es iu m  d e f i­
c iency , and  severe  depress ion ; h e  also d ra n k  k e ro se n e  
and  a te  p a in t— any  or all of w h ic h  could have  af­
f l ic ted  h is  p e rso n a l i ty  as w ell as vision, e x a g g e ra t in g  
yellow s and  cau s in g  h im  to see halos a ro u n d  lights .
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But th a t  chair!  T h e  w ood  g lo w e d  and  g lo w e re d  
w i t h  l ight ,  t h e  rushes  in t h e  seat  b u rn e d  w i t h  an 
i n n e r  f i re— t h e  same fire  I saw ins ide  those  p ra i r i e  
grasses as a child.  T h e r e  lay abso lu te  color,  p u re  
l ight ,  dist i l led em o t ion .  T h e r e  lay t h e  p a i n t e r ’s soul 
and  t h e r e  stood m i n e  befo re  it, fully p r e s e n t  and  fully 
lit in t h e  t w i n  beau t ie s  of l igh t  and  color.
People  see in co lor  pa r t ly  because  w e  evolved  as 
f ru i t - e a te r s ,  an  evo lu t ion  th a t  enab led  us to easi ly 
p ick  ou t  f ru i t  aga ins t  a g r e e n  b a ckg round .  Color 
vision  also h e lp e d  a le r t  us to t h e  d a n g e r s  of poisonous  
p lan ts  and  animals,  w h i c h  o f ten  w e a r  b r ig h t  w a r n i n g  
colors l ike yel low, o range ,  and  red. T h e r e  a re  tw o  
types  of ph o to s en s i t iv e  r e c e p to r s  found  in t h e  th i n  
r e t i n a  t h a t  l ines  t h e  back  of ou r  eyeballs  l ike  a skin: 
rods and  cones.  W e  p e rce iv e  co lor  w i t h  t h e  cones  of 
ou r  eyes, and  on ly  in m o d e r a t e  to b r ig h t  l igh t .  T h r e e  
types  of c ones— each  c o n t a i n i n g  d i f f e re n t  fo rms  of 
visual p i g m e n t s — res p o n d  d i f fe re n t ly  to red,  g reen ,  
and  blue w av e le n g th s .  About seven  mi l l ion  of t h e se  
cones  a re  c lu s te red  on  t h e  ce n t r a l  fovea, a small 
ho l low  in t h e  m idd le  of t h e  re t ina .  O uts ide  of t h e  
fovea, o n e  h u n d r e d  and  t w e n t y - f i v e  mi l l ion  rods a re  
d i s t r ib u ted  t h r o u g h o u t  t h e  re s t  of t h e  r e t i n a  to 
d e t e c t  lu m in o s i ty — shades  of w h i t e  and  black,  bu t  no 
co lor— useful  for  n i g h t  vision,  w h e n  t h e r e  i sn ’t 
e n o u g h  l ig h t  to m a k e  t h e  cones  f ire  t h e i r  co lo re d  
messages  to t h e  brain.  At n i g h t  w e  d o n ’t see in color.  
And since  rods a re  loca ted  ou ts ide  of t h e  ce n t r a l  
fovea, to see ob jec ts  wel l  at  n i g h t  w e  m u s t  look 
s l igh t ly  aw ay  f rom th e m .
Color i tself  com es  f rom t h e  b e n d i n g  of l ight .  The  
w h i t e  l ig h t  f rom t h e  sun is ac tua l ly  com posed  of an 
in f in i te  n u m b e r  of w av e le n g th s ,  or  bund les  of e n ­
ergy,  t h a t  have  v a ry in g  a m o u n ts  of pl iabil i ty.  Of th is  
in f in i te  n u m b e r  of w av e le n g th s ,  w e  pe rc e iv e  abou t  
seven g roups  of colors: t h e  seven  colors of t h e  s pec ­
t rum .  W h e n  l ig h t  t ravels  t h r o u g h  a prism, such as a
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w a te r  d ro p le t  suspended  in  a ir ,  th e  w a v e le n g th s  each  
b e n d  a c c o rd in g  to  t h e i r  in d iv id u a l a b i l i t ie s  and  
se p a ra te  in to  bands o f  reds, o ra n g e s , y e llo w s , g re e n s , 
b lues, in d ig o s , and  v io le ts .  I k n o w  th is  and  y e t, in  
t r u th ,  I u n d e rs ta n d  i t  n o  b e tte r .  W h a t  t r ic k e r y  is 
th is?  I lo o k  a t a ra in b o w — I h a ve  n o  id e a  w h y  I see 
w h a t  I see. O r w h y  I d o n ’ t  see w h a t  I d o n ’ t  see. A t 
th e  age o f  e ig h t ,  I asked m y  m o th e r  w h e re  G od liv e d .
W e  w e re  in  th e  k i tc h e n ,  b a k in g  a cake . F o r som e 
reason , I w as se ized  b y  th e  d e s ire  to  see H is  Face, 
a f te r  a ll th o s e  c h u rc h  se rv ice s  th a t  sp o ke  so g l ib ly  o f 
G od and  e ve n  had  p ic tu re s  o f  G od, th o u g h  fo r  th e  l i f e  
o f  m e  I had  seen n e i th e r  H id e  n o r  H a ir  o f  H im . So I 
p u t  th e  q u e s tio n  to  m y  m o th e r .
“ G od is  e v e ry w h e re ,” she a n s w e re d , m a t te r - o f -  
fa c t ly .  M y  m o th e r  w as ra ise d  C a th o lic ,  w i t h  L a t in  
masses and  b la c k  v e ils  o v e r  th e  head. M y  q u e s tio n  
d id n ’t  s t r ik e  h e r  as p a r t ic u la r ly  c h a lle n g in g .
“ E v e ry w h e re ? ” I re p e a te d . I g la n c e d  a ro u n d . “ E ven 
in  th e  oven? ”
“ E ven  in  th e  o v e n ,” she said.
N o w  w h e n e v e r  I use an o ve n , I ta k e  a g o o d  lo n g  
lo o k . B u t I c o u ld  sw e a r I ’ve  n e v e r  seen G od  th e re . So 
w h ic h  do I dou b t?  T h e  e x is te n c e  o f  G od o r  th e  r e l i ­
a b i l i t y  o f  m y  senses? Senses can  be d e c e iv in g ; o n e  
m u s t ta k e  ca re  n o t  to  r e ly  to o  h e a v i ly  u p o n  th e m .
Last Ju ly , I to o k  a d a y  and  h ik e d  up  in to  th e  m o u n ­
ta in s  n e a r w h e re  I n o w  l iv e  in  M o n ta n a . I had  
c l im b e d  to  th e  to p  o f  a h i l l  and  w as w a n d e r in g  a b o u t 
in  th e  grasses, e x p lo r in g  fo r  w i ld f lo w e r s  and  k e e p in g  
an eye  o u t fo r  a g o o d  sp o t to  l ie  d o w n  in  th e  sun and 
read . As I s te p p e d  o v e r  a p a tc h  o f p u rp le -e y e d  
m a riposas , th e re  w as a sudden  e x p lo s io n  o f  c ra s h in g  
b ru s h — s ta lk s  o f  d r y  grasses h u r t le d  in to  th e  a ir  as a 
g ia n t  beast lu rc h e d  up  o u t o f  th e  v e ry  e a r th  and  
lu n g e d — w h ic h  w a y , i t  w as im p o s s ib le  to  te l l .  I t  w as 
so sudden  and  fe ro c io u s — i t  w as so m ass ive— i t  
sm ashed in to  th e  l ig h t .  I t  w as a v io le n t  beast, a
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spo t ted  beast,  a speck led  fawn, a t i n y  t h i n g  t h a t  I had  
scared up from its small, cu r le d  nes t  in t h e  t h i c k  
grasses,  w h e r e  it  w ou ld  have  lain w i t h  its t i n y  hooves  
fo lded l ike buds aga in s t  its w h i t e  belly, h o ld in g  
pe r fec t ly  still bu t  for t h e  f l ick of eyelashes ,  t h e  fa in t  
pulse  of b re a th  on its sides, un ti l  I c a m e  a lo n g  and  
n ea r ly  t r a m p le d  it. After  a few  hops  over  t h e  top  of 
t h e  hill, t h e  fawn d ro p p ed  back  d o w n  in to  t h e  
grasses and  was  still. And I s tood  th e re ,  f ee l in g  
r idiculous.
5. P red a t io n
Up un t i l  abou t  t w e n t y  mi l l ion  years  ago, our  
p r e h u m a n  ances to r s  lived in t h e  woods.  Over  t h e  f ive 
m i l l ion  years  t h a t  fo l lowed,  c l im a t ic  c h a n g e s  and  f ire  
s h ra n k  t h e  fores ts  and  jungles ,  f o rc in g  us ou t  on to  
t h e  p la ins and  grasslands.  It was  t h e n  t h a t  ou r  vision 
real ly  to o k  off and  left  t h e  o t h e r  senses  in t h e  dust: 
w h i l e  our eyes  m a k e  up less t h a n  o n e  p e r c e n t  of t h e  
w e i g h t  of our  heads,  a full s even ty  p e r c e n t  of ou r  
bod y ’s sense r e c e p to r s  a re  loca ted  th e re .  So, in t h e  
Book of Revelat ions ,  w h e n  t h e  four  h o r s e m e n  of t h e  
Apocalypse coax  t h e  slain lamb to p r e v ie w  t h e  h o r ­
rors  t h a t  s ignal  t h e  en d  of t h e  world ,  t h e y  offer  h im  
t h e  s t r an g e ly  qua in t  e n t re a ty ,  “Com e and  see .”
Our ances to rs  cam e  to d e p e n d  on t h e i r  eyes  in 
those  w id e  o p en  spaces of t h e  ear ly  plains, us ing  
th e i r  vision bo th  to loca te  p rey  and  to k e e p  an eye  
ou t  for  o t h e r  p redators .  P reda to rs  l ike us have  th e i r  
eyes set  on  t h e  f ro n t  of f l a t t e n e d  faces, c r e a t i n g  a 
na r row ,  b inocular ,  f o r w a r d - d i r e c t e d  field of v ie w  
t h a t ’s useful for s i g h t i n g  and  t r a c k i n g  prey .  T h e  tw o  
o v e r l a p p in g  im ages— o n e  f rom  each  e y e — th a t  w e  g e t  
w i th  our  b inocu la r  vision are  i n t e g r a t e d  in ou r  bra ins  
to p rov ide  us w i t h  im p o r t a n t  in fo rm a t io n  abou t  
dis tance,  w h i c h  w e  pe rce ive  as t h r e e  d im ens ions ,  or 
dep th .  To m a x im i z e  d e p t h  p e rce p t io n ,  you  have  to
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m a x i m i z e  o v e r l a p  f ro m  t h e  t w o  eyes,  w h i c h  m e a n s  
t h e y  b o t h  h a v e  to  be  p o i n t e d  in  t h e  s a m e  d i r e c t i o n  
(fo rward) ,  l e a v i n g  p r e d a t o r s  w i t h  l i t t l e  in  t h e  w a y  of 
l a t e ra l  v i e w — a d r a w b a c k  t h a t ’s c o m p e n s a t e d  for  w i t h  
n e c k s  t h a t  swive l .
Prey,  a lw a y s  v u l n e r a b l e  to  b e i n g  p o u n c e d  o n  f ro m  
a n y  w h i c h  way ,  h a v e  e y e s  se t  on  t h e  s ides  of  t h e i r  
h e a d .  Th i s  g ives  p r e y  a n im a l s  l i t t l e  in  t h e  w a y  of 
o v e r l a p p i n g  im ages ,  w h i c h  leaves  t h e m  w i t h  a r a t h e r  
f la t  p i c t u r e  of  t h in g s .
T h e  p r e y  o u r  e a r l y  a n c e s t o r s  w e r e  a f t e r  a n d  t h e  
p r e d a t o r s  t h e y  w e r e  t r y i n g  to  avo id  usua l ly  s p o r t e d  
s o m e  c o m b i n a t i o n  of  s u p e r i o r  s e n se  of  smell  or  
h e a r i n g ,  f a s t e r  speed ,  l a r g e r  size,  a n d  g r e a t e r  
s t r e n g t h  t h a n  th e y .  Eyes a n d  b r a in s  w e r e  o u r  c o m ­
p e t i t i v e  e d g e .  T h e y  a p p e a r  to  h a v e  w o r k e d ,  too.  Mass  
e x t i n c t i o n s  of  l a r g e  m a m m a l s ,  e s p e c i a l l y  l a r g e  h e r d  
an im a ls ,  o c c u r r e d  o n  a n u m b e r  of  c o n t i n e n t s  s h o r t l y  
a f t e r  t h e  a rr iva l  of h u m a n s  t h o u s a n d s  of  y e a r s  ago. 
T h i s  e x t r a o r d i n a r y  c o i n c i d e n c e  h a s  led s c i e n t i s t s  to  
f o r m u l a t e  t h e  P l e i s t o c e n e  o v e rk i l l  t h e o r y :  in  a n u t ­
shell ,  w e  k i l l e d  t h e m .  S o m e  7396 of  t h e  l a r g e  m a m ­
m als  in  N o r t h  A m e r i c a  w e n t  e x t i n c t  soon  a f t e r  
h u m a n s  a r r i v e d  o v e r  t h e  i ce  b r i d g e  w e  call  t h e  
B e r in g  S t r a i t  a r o u n d  12,000 y e a r s  ago .  S o u th  A m e r i c a  
lost  8o 96 of  i ts  l a r g e  m a m m a ls ;  in  Aus tra l ia ,  8696 
d i s a p p e a r e d .  A l i t t l e  s t r u c t u r e  a n d  a lot  of  f u n c t i o n  
c a n  g e t  you  i n t o  t ro u b le .
O urs  is a s o c ie t y  of  voye u rs .  W h e r e  d id  c u r i o s i t y  
go  w r o n g  a n d  t u r n  i n t o  s o m e t h i n g  f u r t i v e  a n d  d a n ­
ge rous?  S h o p p i n g  for  g r o c e r i e s  w i t h  m y  m o t h e r  a t  
t h e  a g e  of  four,  s i t t i n g  in  t h e  ba c k  of t h e  c a r t  w i t h  
m y  legs  d a n g l i n g  b e t w e e n  t h e  m e t a l  spokes,  I w o u l d  
s t a r e  o u t  a t  t h e  h u n c h e d  old ladies ,  a t  t h e  s ick,  a t  t h e  
c r ip p l e d ,  w i t h  a so r t  of  f a s c i n a t io n  a n d  h o r r o r .  M y  
m o t h e r  to ld  m e  i t  w a s  h u r t f u l  to  s tare ,  so I s toppe d .
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Or t r i ed  to. S om e t im e s  I jus t  b eca m e  shamefu l ly  
steal thy,  p e e r i n g  at  t h e m  t h r o u g h  s ide long  glances,  
or  f rom b eh in d  t h e  bl ind of m y  cu p p ed  h a n d  o r — 
w h e n  I was  o lde r  and  c l e v e re r— a box of jello, a can 
of soup.
Later ,  in m y  t e n t h  or  e l e v e n th  year,  I had  a 
m a c a b re  des i re  to see an  autopsy.  I used to ask m y  
fa th e r  to tell  m e  h o w  it was  done.  He w ou ld  descr ibe  
for m e  how, if t h e  pa tho log is t  w a n t s  to see t h e  hear t ,  
h e  takes  p r u n i n g  shears  to cu t  t h r o u g h  t h e  b r e a s t ­
bone,  t h e n  grabs  hold  of it  and  p r ies  t h e  r ibs ap a r t  as 
t h o u g h  h e  w e r e  o p e n i n g  a w ard robe .  He w ould  
descr ibe  for m e  how, if t h e  pa tho log is t  w a n t s  to see 
t h e  brain,  h e  carves a c i rc le  a ro u n d  t h e  b oney  head  
w i t h  a l i t t le  shop saw and  lifts off t h e  skull l ike it  
was  a bean ie .  I asked  m y  f a th e r  if I could  go a long  
and  w a tc h  th is  som et im e ,  and  h e  said sure.
I n e v e r  did g e t  a round  to it. At t h e  t ime,  it 
s eem ed  th a t  a lack of p lann ing ,  logist ical  snags, 
p e rh a p s  an acc id e n t  of c o n f l i c t i n g  schedu les— m y  
f a t h e r ’s and  m i n e — p r e v e n t e d  m e  f rom t a k i n g  p a r t  as 
an observer  in t h e se  r ites.  Despite  m y  ear ly  d e t e r m i ­
n a t io n  to adop t  a cool, scien t if ic  d e m e a n o r  w h e n  it  
c am e  to spli t  eyeballs,  cloven  skulls  and  g a p i n g  
th o rac ic  cavit ies , I was  at  h e a r t  an e m o t io n a l  kid.
You could  say t h a t  w e  a re  cur ious  for reasons  t h a t  
have  to do w i t h  e x p l o r i n g  t h e  w or ld  ou ts ide  of 
ourselves.  You could say th a t  w e  a re  in t e r e s t e d  in 
h o w  o th e r s  e x p e r i e n c e  life, h o w  th e y  cope  w i th  
diff iculties ,  or  t h a t  w e  long  to ga in  some in s ig h t  in to  
avo id ing  o t h e r ’s misfor tunes .  You could  say t h a t  our  
fasc ina t ions  can be t raced  back  to some a n c i e n t  
in s t i n c t  to cast  ou t  t h e  “u n f i t ” or  t h e  “d a n g e ro u s , ” 
and  in so doing,  save ourselves.  Horses t e n d  to d isl ike 
those  of t h e i r  k in d  th a t  a re  l igh t -co lo re d :  pa le  grey,  
or  worse ,  w h i t e .  In a h e rd  of dom es t ic  horses,  th e  
da rk  horses  will  t e n d  to h a n g  t o g e t h e r  and  dr ive  ou t  
t h e  w h i te ,  r e s p o n d in g  in s t inc t ive ly  to a c i r c u m s ta n c e
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th a t  h is to r ica l ly  w ou ld  have  a t t r a c te d  p red a to rs  from  
afar— a b r ig h t  w h i te  h o rse  s tands ou t like  a l i g h t ­
house  on a grassy  p la in — a l th o u g h  abou t th e  on ly  
p re d a to r  th o se  dom est ic  ho rses  have  to w o rry  abou t 
n o w  is us. Of course, w e  d o n ’t h u n t  dow n  w h i te  
horses  and  ea t  them , anym ore .  W e  p u t  th e m  in  th e  
circus.
At a d in n e r  p a r ty  several w eek s  ago, o n e  of our 
g ues ts  to ld  a s to ry  abou t h e r  g r e a t - a u n t  w h o  had  
b een  o n e  of a pa ir  of tw in s  born  five w eek s  p re m a ­
tu re  back in  th e  ea r ly  p a r t  of th is  cen tu ry .  At b ir th ,  
th e  g r e a t - a u n t ,  w h o  is n o w  e ig h ty - s ix  and  exp resses  
h e rse lf  by p e r fo rm in g  m o no logues  as th e  c h a ra c te r  
M ary  M agdalene , w e ig h e d  ju s t  tw o  pounds— th e  size 
of tw o  o n e -p o u n d  c h u n k s  of b u t te r .  She w ou ld  have 
d ied  (and sadly, h e r  tw in  s is te r  soon did) w i th o u t  an 
incuba to r .  T h e re  w e re  no  in c u b a to rs  available  in  th e  
to w n ’s hosp ita ls  a t th a t  tim e, or p e rh ap s  th e y  w e re  
too  few  or too  e x p en s iv e  for h e r  p a re n ts  to afford. So 
h e r  p a re n ts  ca rr ied  th e i r  tw o  babies d ow n  to th e  
circus, th e  on ly  p lace  in to w n  w h e r e  you could  g e t  
free  access to an incuba to r ,  w h e r e  those  babies 
lived— and one  d ie d — d u r in g  th e  first few  m o n th s  of 
th e i r  lives. You see, peo p le  back th e n  w ou ld  pay to 
see p reem ies ,  th e  sam e w ay  th e y  w ou ld  pay to see 
o th e r  unusually  shaped  peop le  and  an im als  w h o m  
th e y  called  freaks.
I, too, have  paid  to see freaks. I w ould  like  to say 
th a t  it  h a p p e n e d  a long  t im e  ago, bu t four years  ago 
m y f r iends  and  I w e re  at th e  M in n e so ta  S ta te  Fair. 
T he  n ig h t  sky ree led  w i th  th e  fan tas t ic  l ig h ts  of th e  
r ides  and  r a n g  w i th  th e  sh r iek s  of r ide rs  and  th e  
a w k w a rd  c l in k  of o rg an  music. W e  w e re  loafing, 
ex h au s te d ,  on th e  packed  d ir t  of th e  m id w ay  w h ile  
gusts  of u n n a tu ra l ly  w arm  air  sm e ll ing  of h o t  g rease  
w afted  over us, w a n t in g  to leave for h o m e  but w i th  
six t ic k e ts  left over from  th e  day and  a d u l l -w i t te d  
d e te rm in a t io n  to spend them . And as w e  w e re  s tan d -
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i n g  r i g h t  n e x t  to t h e  W o r l d ’s Fa t tes t  M a n —880 
Pounds, And Still Growing— w e  t h o u g h t  i t  w o u ld  be 
h i l a r ious  to t a k e  a peek ,  and  so tw o  of us w e n t  for 
t h r e e  t i c k e t s  ap iece.
I had  seen  Big Ber tha at  th i s  same fair  w h e n  I was  
a ch i ld  of seven.  I r e m e m b e r  w a l k i n g  up o n to  a 
b oa rdw alk  t h a t  was  buil t  a longs ide  a t r a i l e r  h o m e —  
o n e  sec t ion  of it  p la te  glass to a c c o m m o d a te  v i e w ­
ers— w h e r e  Big Ber tha  l ived and  ate,  and  i t  w as  all 
v e ry  ta ste fu l ly  done:  I was  outside,  she  was  inside,  
b e h in d  t h e  w in d o w ;  I could  g a p e  in c o m fo r t  and  
r e la t ive  unobtrus iveness ,  and  she could  w a t c h  T.V. 
and  ea t  h a m b u r g e r s  in t h e  a i r - c o n d i t i o n e d  c o m fo r t  of 
h e r  o w n  h o m e  and  w orkp lace .
N ot so w i t h  t h e  W o r l d ’s Fa t tes t  M an.  I was  lu red  
in to  a t ra i le r ,  w h e r e  I e x p e c t e d  to v ie w  t h e  W o r l d ’s 
Fa t tes t  M an  lo u n g i n g  in some sort  of m a k e sh i f t  
l iv ing  qua r te r s  (an iden t i f i ab le  ob jec t  d o in g  a r e c o g ­
n iz ab le  th ing) ,  bu t  w h a t  I found  was  qu i te  t h e  o p p o ­
site. O nce  inside,  t h e  W o r l d ’s F a t tes t  M a n  w as  n o t  a 
f i n g e r ’s b r e a d t h  aw ay  on  m y  left, c lad in shabby,  
f o u l - s m e l l i n g  c lo thes  and  sea ted  in w h a t  can  on ly  be 
desc r ibed  as a t iny ,  w h i t e w a s h e d  p e n a l ty  b o x — t h e  
k in d  found  in h o c k e y  a rena s— only  la rge  e n o u g h  to 
enc lose  his  sad bulk  and  a m in u te ,  b lack  and  w h i t e  
T.V. set  on  a shelf,  to w h i c h  his  eyes  w e r e  dully 
t rans f ixed .  T h e  w a lk w a y  was  n o t  t h e  spacious, t idy  
boa rdw a lk  I was  e x p e c t i n g  bu t  a th in ,  p e e l in g  c o r r i ­
dor  b o rd e red  on  t h e  ou ts ide  by p lyw ood  walls  t h a t  
fo l lowed e x a c t ly  t h e  p e r i m e t e r  of t h e  p e n a l ty  box,  so 
t h a t  d u r i n g  m y  e n t i r e  v i e w i n g  t i m e  I was  n o t  m o r e  
t h a n  seven or  e i g h t  in c h es  f rom t h e  W o r l d ’s Fa tt es t  
Man.
Embarrassed,  I r e f r a in ed  f rom e x a m i n i n g  t h e  
W o r l d ’s Fa t tes t  M a n ’s bel ly b u t ton .  I av e r t ed  m y  
a t t e n t i o n  f rom t h e  folds of his  breasts ,  t h e  m a g n i t u d e  
of his  th ighs .  I k e p t  m y  eyes  bolt  forw ard ,  m y  b re a th  
shallow, and  m y  ex p re s s io n  poli te ,  w i t h  a h i n t  of
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l ig h th e a r te d n e ss ,  as th o u g h  it  w e re  all ju s t  a la rk  
th a t  I was th e r e  a t all— as th o u g h  I on ly  bum bled  in 
by a c c id e n t  and  was n o t  th e  least b it in te re s te d  in 
th e  W o r ld ’s F a ttes t  Anything— as th o u g h  I had  no 
in te n t io n  of ac tua lly  s ta r in g  a t h im , of fa s te n in g  m y 
g re e d y  l i t t le  eyes on h is  am ple  carcass.
O ne day I w as g a l lo p in g  m y h o rse  th ro u g h  th e  
w oods w i th  m y  h ead  th ro w n  back, w a tc h in g  th e  
b ran ch e s  sway and  sw erve  like  d a rk  te n ta c le s  aga in s t 
a b lue  sea of sky, and  th e  n e x t  I was lay ing  dow n  
m o n e y  to see a fat m an  w a tc h  T.V. in  a box.
6. G lo ry
O ne n ig h t  last sum m er, I sat w i th  a f r ien d  on th e  
g ra n i te  ed g e  of a pond  in  th e  B it te r ro o t  m oun ta in s ,  
c loaked  in th e  l ig h t  of a full m oon. T he  m oon  shone  
do w n  like  a siren, its no isy  l ig h t  sp lash ing  in  w h i te  
p a tch es  on th e  b lack w a te r .  T he  p a tch es  of l ig h t  fell 
over th e  pond  like  jave lins  of ligh t.  T h e re  w as a puff 
of w ind , and  w e  w a tc h e d  th e  p a tch es  b reak  ap a r t  and  
dance  to w ard s  us. M y fr iend  observed  th a t  th e  l ig h t  
was p o in t in g  to  us over th e  w a te r .
“I th in k  th a t  no  m a t te r  w h e re  w e  sat th e  l ig h t  
w ou ld  p o in t  to  us,” I said.
“T ha t 's  im poss ib le ,” C h ris tian  said.
So w e  c o n d u c ted  an e x p e r im e n t .  W h i le  I r e ­
m a in ed  in our spot, she rose and  t r o t te d  up th e  
g r a n i t e  beach. E igh ty  fee t  away, she s topped  to 
re p o r t  th a t  I was r ig h t .  Amazed, she began  w a lk in g  
back and  fo rth , w a tc h in g  th e  l ig h t  slide over th e  
w a te r ,  fo l low ing  h e r  as she m oved across th e  rock.
I r e m e m b e r  k n o w in g  th is  abou t th e  m oon, bu t I 
d o n ’t r e m e m b e r  le a rn in g  th a t  it was so. W h a t  I recall 
is b e in g  a ch ild  in th e  cold n ig h ts  of a n o r th e rn  
sum m er, c ross ing  W h i te ta i l  Lake from th e  m a in land  
to our island. I r e m e m b e r  s i t t in g  c ro u ch e d  aga inst 
th e  cold on th e  p lank  seat of th e  te n -h o r s e ,  p e e r in g
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o v e r  t h e  r o u g h  o r a n g e  ca n v as  of  t h e  l ife p r e s e r v e r  
t h a t  b u l g e d  a r o u n d  m y  n e c k  to  w a t c h  t h e  ta i l  of  t h e  
m o o n  r a c e  o v e r  t h e  w a t e r  w i t h  m e — a g l i t t e r i n g  
i c i c le  of  l i g h t  t h a t  p i e r c e d  t h e  boa t  e x a c t l y  a t  m y  
body.
Above,  t h e  b l u e - b l a c k  sky  w a s  s t r e w n  w i t h  a r i o t  
of  s ta r s— m o r e  s ta rs  t h a n  I i m a g i n e d  poss ib le .  W h e n  I 
s t a r e d  r o u n d - e y e d  i n t o  t h a t  n o r t h e r n  n i g h t  sky, I fe l t  
t h e  s ta r s  pul l  m e  t o w a r d s  t h e m  w i t h  s p i d e r y  t h r e a d s  
of  s o m e t h i n g  c l e a r  a n d  m y s t e r i o u s .  I t  w a s  a lm o s t  
g r a c e — or  m e r c y .  I c o u l d n ’t  n a m e  i t  t h e n ,  a n d  I sti l l  
c a n ’t, e x c e p t  to  say t h a t  i t  r e m i n d s  m e  of  s o m e  w o r d s  
I o n c e  h e a r d  s p o k e n  by  a p h y s i c i s t  t r y i n g  to  e x p l a i n  
c o n c e p t s  a b o u t  h o w  t h e  u n i v e r s e  w o r k s .  W h a t  h e  
said was,  “ E t e r n i t y  is n o w . ”
E t e r n i t y  w a s  b a c k  t h e n ,  too.  M a k i n g  s n o w  a n g e l s  
a t  n i g h t  w i t h  m y  l i t t l e  b r o t h e r ,  I g l i m p s e d  it. Bound  
up  in  snow s u i t s ,  w e  h a d  r u n  o u t  i n t o  t h e  f r o n t  y a rd  
l a t e  a f t e r  a h e a v y  s n ow .  T h e  sky  h a d  c le a re d ;  a 
w a r m e r  w i n d  h a d  s t a r t e d  to  blow.  W e  j u m p e d  to  a 
s po t  d e e p  in  t h e  dr i f ts ,  lay d o w n ,  f l a p p e d  o u r  a r m s  
a n d  legs  v igo rous ly ,  a n d  t h e n  c a re f u l l y  ro se  a n d  l e a p t  
b a c k  o u t  of  t h e  d e p re s s io n ,  so as n o t  to  l eave  a n y  
f o o t p r i n t s  t h a t  m i g h t  c o n n e c t  o u r  a n g e l s  to  t h i s  
w o r ld .  W e  d id  t h i s  o v e r  a n d  over ,  u n t i l  t h e r e  w a s  a 
w h o l e  c h o i r  of  a n g e l s  in  t h e  ya rd .  T h e  l i g h t  of  t h e  
m o o n  b e n t  t h r o u g h  t h e  v a p o r  t h a t  c u r l e d  up  f ro m  t h e  
s n o w  ange ls ,  s p l i n t e r i n g  i n t o  co lo r s  t h a t  g l i t t e r e d  
d a r k l y  o n  t h e  s n ow .  S t a n d i n g  t h e r e  l o o k i n g  a t  t h e  
a nge ls ,  s o m e t h i n g  in s i d e  of  m e  rose,  l e a p t  f ro m  t h e  
d r y  g ras ses  of  d a i ly  e x i s t e n c e ,  c r a s h e d  u p w a r d s  i n t o  
t h e  l i g h t  of  m y  ro u n d ,  m o o n l i t  eyes .  T h e  a n g e l s  on  
t h e  s n o w  q u i v e r e d  a n d  sang ,  w h i l e  t h e  l ive  t h i n g  
in s id e  of  m e  h o v e r e d  t h e r e  for  a f e w  m o m e n t s  in  t h e  
l i g h t  of  m y  eyes,  t h e n  t o o k  a f e w  s h o r t  h o p s  a n d  lay 
ba c k  d o w n  a g a in .  A s n o w p l o w  l u m b e r e d  up  t h e
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stree t ,  n e ig h b o rs  began  s trag g l in g  ou t of th e i r  houses 
pu ll in g  shovels, and  m y b ro th e r  tram p led  th e  choir.
But in m y soul, I can still see those  sm o ld e r in g  
colors. I can  h ea r  th o se  angels  sing.
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